















What are the causes of 
water cycle variations?
Are variations in the global 
and regional water cycle predictable?
How are water and 
nutrient cycles linked?
NEWS Integrated Water and Energy Cycle Research Challenge:
Document and enable improved, observationally-based, predictions of water and energy 
cyc e conseque ces of Earth system variability and change.
The NEWS challenge is global in scale and requires the integration of NASA system components to make 





































































































climatology	and	δ(  ) denotes	a	monthly	anomaly.	The	ﬁrst	term	involving	SST	
changes	only	can	be	thought	of	as	atmospheric	forcing	by	SST	and	is	equivalent	
to	the	Clausius-Clapeyron	rate	(	~	6%	per	deg	SST	change	over	the	globe).	
































Evap	 SST	 RH	+	Stab	 Wind	 Residual	
GEOS-5	 1.8	 6.2	 -4.4	 1.6	 -1.6	







Evap	 SST	 RH	+	Stab		 Wind	 Residual	
NOAA	20CR	 5.9	 6.4	 -0.6	 1.0	 -0.9	
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Inter-decadal	Paciﬁc	Oscilla(on	In	ERA-20C	
• Consistent	panern	of	evapora/on	changes	(shaded)	relate	to	SST	gradient	
panerns	and	altered	low-level	circula/on.	
• Twin	an/cyclonic	high	pressure	anomalies	(green	contours)	develop	in	the	
eastern	extra-tropical	Paciﬁc	resul/ng	from	westward	diaba/c	hea/ng	shif.	
• Oﬀ-equatorial	wind	speeds	Eq	to	20	N/S	(black	contours)	consistent	with	
surface	pressure	gradient	changes	enhance	evapora/on.		
1999/2009	minus	1990	/1999			Transi4on	to	IPO	cold	phase		
